Introduction
============

Chronic rhinosinusitis (CRS) is defined as persistent inflammation of the nasal and paranasal cavity mucosa lasting ≥3 months [@JR0833or-1] . Based on an epidemiological study in the United States, ∼ 29.2 million adults (a prevalence of 14.2%) have CRS. The prevalence and medical costs of CRS are increasing and have become important social issues. [@JR0833or-2] The histomorphological patterns of CRS with nasal polyps are characterized by the predominance of eosinophils and mixed mononuclear cells but a relative paucity of neutrophils, [@JR0833or-3] and therefore can be designated as eosinophilic CRS (ECRS). Mucosal infiltration with eosinophils in CRS with nasal polyps may be more refractory to surgical cure and is frequently associated with bronchial asthma. [@JR0833or-4]

Eosinophilic CRS is characterized by an eosinophilic inflammation driven by Th2-type cytokines. [@JR0833or-5] Since glucocorticosteroids have potent anti-inflammatory effects that include the decrease of the inflammation mediated by eosinophils, [@JR0833or-6] [@JR0833or-7] they are the most common first-line treatment for CRS with nasal polyps. [@JR0833or-8] Placebo-controlled studies have shown that topical corticosteroid therapy reduces the recurrence of polyps after surgery. [@JR0833or-9] [@JR0833or-10] However, since topical corticosteroid therapy is not effective in all patients, systemic glucocorticosteroids are sometimes used. One placebo-controlled trial demonstrated the efficacy of a short-term course of oral corticosteroids for improving symptoms and reducing polyp size. [@JR0833or-11] Although short courses of oral corticosteroids are safe in CRS with nasal polyps, [@JR0833or-8] repeated or prolonged use of oral steroids may be associated with an enhanced risk of systemic side effects. [@JR0833or-12]

In the present study, we have evaluated the long-term treatment with double-dose intranasal corticosteroids in refractory ECRS nasal polyps resistant to the conventional dose and assessed the risk of adverse systemic effects such as hypothalamic-pituitary-adrenal axis suppression and sugar tolerance.

Method
======

The diagnosis of eosinophilic CRS was diagnosed based on the criteria of the Japanese Epidemiological Survey of Refractory Eosinophilic Chronic Rhinosinusitis (JESREC) study. [@JR0833or-13] Patients with specific types of CRS with nasal polyps including aspirin sensitivity and cystic fibrosis were excluded. Endoscopic sinus surgery was basically performed according to our previous paper. [@JR0833or-14] Surgery in all cases was performed under general anesthesia. After postoperatively ineffective, prolonged application of mometasone furoate at a dose of 2 sprays (100 μg) in each nostril once a day (200 μg), recurrent mild and moderate nasal polyps were prospectively entered into the clinical study. Sixteen subjects with eosinophilic CRS (3 female and 13 male, ranging in age from 37 to 63 years old, with a mean age of 49 years old) admitted to the department of otorhinolaryngology of the outpatient clinic of the Juntendo University Faculty of Medicine between January 2010 and July 2014 were enrolled. All the patients were administered mometasone furoate at a dose of 2 sprays (100 μg) in each nostril twice a day (400 μg) for 6 months. Concomitant medications that were not allowed during the study included oral corticosteroids (excluding inhaled corticosteroid for mild-to-moderate persistent asthma), antihistamines, decongestants, and leukotriene pathway modifiers. The presence of nasal discharge, postnasal drainage, nasal obstruction, headache and anosmia were recorded and their severity was defined as follows: severe = 3, moderate = 2, slight = 1 and absent = 0 based on a previous paper. [@JR0833or-14] Polyp size was graded for each nasal cavity on a scale of 0 to 3 (0, no polyp; 1, polyps in the middle meatus; 2, polyps reaching below the inferior border of the middle turbinate but not the inferior border of the inferior turbinate; 3, large polyps reaching to or below the inferior border of the inferior turbinate or polyps medial to the middle turbinate. [@JR0833or-9] At the end of the study, glycated hemoglobin (HbA1c) and cortisol plasma concentration were analyzed. The study was approved by the ethics committee of the Juntendo University Faculty of Medicine. All subjects entered the study after signing an informed consent form.

The data were expressed as the mean ± standard deviation (SD) Statistical analyses were evaluated using paired-t test in StatMate IV for Windows (GraphPad Software, La Jolla, CA, USA). Differences were considered to be significant if *p * \< 0.05.

Results
=======

The average scores of the symptoms during the regular dose of intranasal steroid treatment were 5.2 ± 2.2, but 6 months after high-dose application, they had significantly decreased to 2.5 ± 1.4 ( *p * \< 0.05). Specifically, all the patients had recovered from severe ( *n*  = 9) and moderate ( *n*  = 7) anosmia to slight anosmia ( *n*  = 10) and normal olfaction ( *n*  = 6). Polyp size changed from a score of 2 to 0 in one patient, from a score of 1 to 0 in 8 patients, from a score of 2 to 1 in 5 patients, and from a score of 1 to 1 in 2 patients. Polyp size showed an average score of 1.38 during the regular dose and was significantly reduced to a score of 0.43 ( *P*  \< 0.01) after doubling the dose for a period of 6 months.

In all the patients tested, the HbA1c ranges were normal. The cortisol plasma concentrations were also within the normal range ( [Fig. 1](#FI0833or-1){ref-type="fig"} ).

![Distribution of glycated hemoglobin (HbA1c) and cortisol serum concentrations after doubling the dose the nasal topical spray mometasone furoate. The bars show the upper and lower normal ranges in HbA1c and cortisol serum concentrations, respectively.](10-1055-s-0038-1668515-i0833or-1){#FI0833or-1}

Discussion
==========

The present study revealed that a high-dose of the corticosteroid nasal spray mometasone furoate significantly improved nasal symptoms including smell acuity and reduced polyp size, without long-term side effects, compared with the regular dose. It is well known that nasal blockage and rhinorrhea respond well to topical nasal steroids, whereas controversial findings on the improvement of the sense of smell have been reported. [@JR0833or-15] [@JR0833or-16] The sense of smell constitutes an important warning system for gas leaking, smoke, food spoilage, and air pollution. Eosinophilic CRS is a major cause of smell loss, having an important impact on the quality of life of the patients and constituting an especially troublesome symptom in the elderly that is associated with the loss of appetite and weight, and the onset of depression. The dose--response effects for fluticasone in asthma were reported [@JR0833or-17] and are likely compatible with those of the upper airway inflammation.

Although nasal topical corticosteroids are very safe in general, several factors such as the molecular properties of corticosteroids, dose prescription, mode of delivery, and severity of the underlying disease may influence steroid absorption into the systemic circulation. [@JR0833or-18] The systemic bioavailability of intranasal corticosteroids varies from some new molecules to older molecules, which may influence the risk of adverse systemic effects. [@JR0833or-19] There is no clear evidence of a correlation between the use of nasal corticosteroids at the recommended doses and systemic changes in bone mineral biology, cataracts, or glaucoma. At the recommended doses, adrenal suppression may occur with some nasal corticosteroids but the clinical relevance remains uncertain, whereas the overuse of nasal corticosteroids may be responsible for adrenal insufficiency and a decrease in bone mineral density. [@JR0833or-20] Mometasone furoate applied to the skin has been demonstrated in clinical studies to have a low potential of causing systemic side effects including hypothalamic-pituitary-adrenal axis suppression. [@JR0833or-21] [@JR0833or-22] An aqueous nasal spray formulation of mometasone furoate has been developed for the treatment of allergic rhinitis, based upon the prediction that this corticosteroid would be devoid of systemic activity when applied in the nose. Mometasone furoate applied to the nasal mucosa at doses up to 20 times the common clinical dose demonstrated no effect on the plasma cortisol area under the curve, urinary free cortisol, or morning plasma cortisol level. [@JR0833or-23] Thus, a nasal steroid spray of high-dose corticosteroid may result in beneficial effects for intractable ECRS without adverse systemic effects.

Conclusion
==========

Doubling the dose of the nasal topical spray mometasone furoate might be recommended for the treatment of recurrent nasal polyps in the postoperative follow-up of intractable ECRS.
